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FIG. S

SELECTIVELY STORE FIRST COLOR GAMMA

DATA. SECOND COLOR GAMMA DATA AND o110
THIRD COLOR GAMMA DATA ONE BY ONE. IN
RESPONSE TO SELECTION SIGNAL

SELECTIVELY OQUTPUT FIRST COLOR
GAMMA DATA, SECOND COLOR GAMMA DATA
AND THIRD COLOR GAMMA DATA ONE BY
ONE, IN RESPONSE TO SELECTION S1GNAL

5120

GENERATE DATA SIGNAL USING FIRST e
COLOR GAMMA DATA. SECOND COLOR GAMMA 519

DATA AND THIRD COLOR GAMMA DATA, AND
OUTPUT DATA SIGNAL TO DATA LINE

OUTPUT GATE SIGNAL TO GATE LINE $140

END
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DISPLAY APPARATUS HAVING DATA
DRIVING PART TO SELECTIVELY STORE
AND OUTPUT COLOR GAMMA DATA AND

METHOD OF DRIVING THE SAME

This application claims priority to Korean Patent Appli-

cation No. 10-2016-0114386, filed on Sep. 6, 2016, and all
the benefits accruing therefrom under 35 U.S.C. § 119, the
content of which 1n 1ts entirety 1s herein incorporated by
reference.

BACKGROUND

1. Field

Exemplary embodiments of the invention relate to an
image display, and more particularly to a display apparatus
and a method of driving the display apparatus.

2. Description of the Related Art

A display apparatus generally includes a display panel and
a display panel driving apparatus.

The display panel generally includes a gate line, a data
line, and a pixel defined by the gate line and the data line.

The display panel driving apparatus generally includes a
gate driving part, a data driving part and a timing controlling
part. The gate driving part outputs a gate signal to the gate
line, the data driving part outputs a data signal to the data
line, and the timing controlling part controls a timing of the
gate driving part and a timing of the data driving part.

The data driving part generates the data signal using
gamma data indicating a luminance according to a grayscale.

When the display panel 1s a liquid crystal display panel
including a liquid crystal, a gamma characteristic of a red
color, a gamma characteristic of a green color and a gamma
characteristic of a blue color are similar to or substantially
the same with one another. Alternatively, when the display
panel 1s an organic light emitting diode (“OLED”) display
panel including an OLED, the gamma characteristic of the
red color, the gamma characteristic of the green color and
the gamma characteristic of the blue color are diflerent from
one another. In addition, when the display panel 1s a quan-
tum dot display panel including a quantum dot, the gamma
characteristic of the red color, the gamma characteristic of
the green color and the gamma characteristic of the blue
color are different from one another.

SUMMARY

Exemplary embodiments of the invention provide a dis-
play apparatus which decreases a size and a manufacturing,
cost of the display apparatus.

Exemplary embodiments of the invention also provide a
method of driving the above-mentioned display apparatus.

According to an exemplary embodiment of the invention,
a display apparatus includes a display panel, a gate driving
part and a data driving part. The display panel displays an
image, and includes a gate line and a data line. The gate
driving part outputs a gate signal to the gate line. The data
driving part outputs a data signal to the data line, to
selectively output first color gamma data, second color
gamma data and third color gamma data 1n response to a
selection signal, and generates the data signal using the first
color gamma data, the second color gamma data and the
third color gamma data.
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In an exemplary embodiment, the data driving part may
include a look-up table (“LUT”) part which stores the first
color gamma data, the second color gamma data and the
third color gamma data.

In an exemplary embodiment, the LUT part may include
a first LUT which stores the first color gamma data, a second

LUT which stores the second color gamma data, and a third
LUT which stores the third color gamma data.
In an exemplary embodiment, the data driving part may

further include a selecting part which selects one of the first
LUT, the second LUT and the third LUT 1n response to the
selection signal, 1n order to selectively output the first color
gamma data, the second color gamma data and the third
color gamma data.

In an exemplary embodiment, the selecting part may
selectively output the first color gamma data, the second
color gamma data and the third color gamma data by
selecting the first LUT, the second LUT and the third LUT
one by one.

In an exemplary embodiment, the selecting part may
receive gamma data including the first color gamma data, the
second color gamma data and the third color gamma data.

In an exemplary embodiment, the selecting part may
selectively store the first color gamma data, the second color
gamma data and the third color gamma data by selecting the
first LUT, the second LUT and the third LUT one by one.

In an exemplary embodiment, the data driving part may
receive the gamma data through an inter-integrated circuit
(“I12C”") communication using a serial data line and a serial
clock line.

In an exemplary embodiment, the data driving part may
include a digital gamma part which receives first gamma
point data designating N (N 1s a natural number) gamma
point, and to output second gamma point data designating
2N gamma points.

In an exemplary embodiment, the digital gamma part may
receive a polarity control signal controlling a positive polar-
ity and a negative polarity of the data signal.

In an exemplary embodiment, the digital gamma part may
include a first decoder which outputs gamma point data of
the positive polarity, and a second decoder which outputs
gamma point data of the negative polarity.

In an exemplary embodiment, the first color gamma data
may include 2N gamma voltages.

In an exemplary embodiment, the second color gamma
data may include 2N gamma voltages.

In an exemplary embodiment, the third color gamma data
may include 2N gamma voltages.

In an exemplary embodiment, the data driving part may
include a serial parallel converting part which receives
image data for displaying the image and output parallel data
of P bit, where P 1s a natural number, and an interpolating
part which receives the parallel data and to output data of
(P+Q) bit, where Q 1s a natural number.

In an exemplary embodiment, the display panel may
include a first color pixel, a second color pixel and a third
color pixel, and a size of the first color pixel, a size of the
second color pixel and a size of the third color pixel are
different from one another.

In an exemplary embodiment, the first color pixel may

have a first length, the second color pixel may have a second
length longer than the first length, and the third color pixel
may have a third length longer than the second length, 1n a
direction 1n which the gate line extends.




US 10,692,416 B2

3

In an exemplary embodiment, the first color gamma data
may be red gamma data, the second color gamma data may
be green gamma data, and the third color gamma data may
be blue gamma data.

In an exemplary embodiment, the display panel may be a
quantum dot display panel including a quantum dot.

According to an exemplary embodiment of the invention,
a method of dniving a display apparatus includes selectively
storing {irst color gamma data, second color gamma data and
third color gamma data one by one 1n response to a selection
signal, selectively outputting the first color gamma data, the
second color gamma data and the third color gamma data
one by one 1n response to the selection signal, generating a
data signal using the first color gamma data, the second color
gamma data and the third color gamma data, and outputting
the data signal to a data line of a display panel, and
outputting a gate signal to a gate line of the display panel.

According to the invention, a data driving part stores and
outputs first color gamma data, second color gamma data
and third color gamma data. Therefore, although a display
panel includes a first color pixel, a second color pixel and a
third color pixel having different sizes from one another, and
thus a gamma characteristic of a first color, a gamma
characteristic of a second color and a gamma characteristic
of a third color are diflerent from one another, an 1mage of
improved display quality may be displayed adaptively to the
first color, the second color and the third color.

In addition, a decoder according to the first color, the
second color and the third color 1s not desired to the data
driving part, and thus a size and a manufacturing cost of a
display apparatus may be decreased.

BRIEF DESCRIPTION OF TH.

(Ll

DRAWINGS

The above and other features and advantages of the
invention will become more apparent by describing in
detailed exemplary embodiments thereof with reference to
the accompanying drawings, 1n which:

FIG. 1 1s a block diagram illustrating an exemplary
embodiment of a display apparatus according to the inven-
tion;

FIG. 2 1s a plan view 1llustrating pixels of FIG. 1;

FIG. 3 1s a block diagram illustrating a data driving
integrated circuit of FIG. 1;

FI1G. 4 1s a block diagram 1llustrating a look-up table part
of FIG. 3; and

FIG. 5 1s a flow chart illustrating a method of driving the
display apparatus of FIG. 1.

DETAILED DESCRIPTION

Hereinafter, the invention will be explained 1n detail with
reference to the accompanying drawings. This nvention
may, however, be embodied 1n many different forms, and
should not be construed as limited to the embodiments set
torth herein. Rather, these embodiments are provided so that
this invention will be thorough and complete, and will fully
convey the scope of the invention to those skilled 1n the art.
Like reference numerals refer to like elements throughout.

It will be understood that when an element 1s referred to
as being “on” another element, 1t can be directly on the other
clement or mtervening elements may be therebetween. In
contrast, when an element 1s referred to as being “directly
on” another element, there are no intervening eclements
present.

It will be understood that, although the terms “first,”
“second,” “third” etc. may be used herein to describe various
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clements, components, regions, layers and/or sections, these
clements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another element, component, region, layer or
section. Thus, “a first element,” “component,” “region,”
“layer” or “section” discussed below could be termed a
second element, component, region, layer or section without
departing from the teachings herein.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments only and 1s not intended to be
limiting. As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms, including “at
least one,” unless the content clearly indicates otherwise.
“Or” means “and/or.” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises” and/or “comprising,” or “includes” and/
or “including” when used 1n this specification, specily the
presence ol stated features, regions, mtegers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, regions,
integers, steps, operations, elements, components, and/or
groups thereof.

Furthermore, relative terms, such as “lower” or “bottom”
and “upper” or “top,” may be used herein to describe one
clement’s relationship to another element as illustrated 1n the
Figures. It will be understood that relative terms are intended
to encompass diflerent orientations of the device 1n addition
to the orientation depicted 1n the Figures. In an exemplary
embodiment, when the device in one of the figures 1s turned
over, clements described as being on the “lower” side of
other elements would then be oriented on “upper” sides of
the other elements. The exemplary term “lower,” can there-
fore, encompasses both an orientation of “lower” and
“upper,” depending on the particular ornientation of the
figure. Similarly, when the device 1in one of the figures is
turned over, elements described as “below” or “beneath”
other elements would then be oriented “above” the other
clements. The exemplary terms “below” or “beneath™ can,
therefore, encompass both an orientation of above and
below.

“About” or “approximately” as used herein 1s inclusive of
the stated value and means within an acceptable range of
deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement 1n
question and the error associated with measurement of the
particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within +30%, 20%, 10%, 5% of the
stated value.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill 1n the art to
which this invention belongs. It will be further understood
that terms, such as those defined 1n commonly used diction-
aries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant
art and the invention, and will not be interpreted 1n an
idealized or overly formal sense unless expressly so defined
herein.

Exemplary embodiments are described herein with refer-
ence to cross section illustrations that are schematic 1llus-
trations of 1dealized embodiments. As such, variations from
the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not

A B 4 4
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be construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations 1n shapes that
result, for example, from manufacturing. In an exemplary
embodiment, a region illustrated or described as flat may,
typically, have rough and/or nonlinear features. Moreover,
sharp angles that are 1llustrated may be rounded. Thus, the
regions 1llustrated 1n the figures are schematic 1n nature and
their shapes are not intended to illustrate the precise shape
of a region and are not intended to limit the scope of the
claims.

FIG. 1 15 a block diagram 1llustrating a display apparatus
according to an exemplary embodiment of the invention.

Referring to FIG. 1, the display apparatus 100 according
to the exemplary embodiment includes a display panel 110,
a gate driving part 130, a data dnving part 140, a timing
controlling part 150 and a voltage generating part 160.

The display panel 110 receives a data signal DS from the
data driving part 140 to display an 1image. The display panel
110 includes gate lines GL, data lines DL and pixels 120.
The gate lines GL extend in a first direction D1 and are
arranged 1n a second direction D2 substantially perpendicu-
lar to the first direction D1. The data lines DL extend in the
second direction D2 and are arranged 1n the first direction
D1. Here, the first direction D1 may be parallel to a long side
of the display panel 110, and the second direction D2 may
be parallel to a short side of the display panel 110. In an
exemplary embodiment, the display panel 110 may be a
liquid crystal display panel including a liguid crystal, for
example. In an exemplary embodiment, the display panel
110 may be a quantum dot display panel including a quan-
tum dot, for example.

FIG. 2 1s a plan view 1llustrating the pixels 120 of FIG. 1.

Referring to FIGS. 1 and 2, the pixels 120 may include a
first color pixel 121, a second color pixel 122 and a third
color pixel 123. In an exemplary embodiment, the first color
pixel 121 may be a red pixel, the second color pixel 122 may
be a green pixel, and the third color pixel 123 may be a blue
pixel, for example.

A size of the first color pixel 121, a size of the second
color pixel 122 and a size of the third color pixel 123 may
be different from one another. Specifically, the first color
pixel 121 may have a first length L1, the second color pixel
122 may have a second length L2 longer than the first length
.1, and the third color pixel 123 may have a third length 1.3
longer than the second length L2, i the first direction D1.

Referring back to FIG. 1, the gate driving part 130, the
data driving part 140 and the timing controlling part 150
may be defined as a display panel driving apparatus for
driving the display panel 110.

The gate driving part 130 generates gate signals GS in
response to a vertical start signal STV and a first clock signal
CLK1 provided from the timing controlling part 150, and
outputs the gate signals GS to the gate lines GL. The gate
driving part 130 may receive a gate on voltage Vgon and a
gate ofl voltage Vgoll from the voltage generating part 160,
and may generate the gate signal GS using the gate on
voltage Vgon and the gate off Voltage Veoll.

The data driving part 140 receives image data DATA from
the timing controlling part 150, recerves a gamma reference
voltage GRV from the voltage generating part 160, and
receives gamma data GDATA from an outside. In an exem-
plary embodiment, the data driving part 140 may receive the
gamma data GDATA through an I12C communication includ-
ing a serial data line (“SDL”) and a senial clock line
(“SCL”), for example. In an alternative exemplary embodi-
ment, the data driving part 140 may receive the gamma data
GDATA through an interface packet, for example.

10

15

20

25

30

35

40

45

50

55

60

65

6

The data dniving part 140 generates the data signal DS
based on the image data DATA, the gamma reference
voltage GRV and the gamma data GDATA, and outputs the
data signal DS to the data line DL 1n response to a horizontal
start signal STH and a second clock signal CLLK2 provided
from the timing controlling part 150. The data driving part
140 may include a plurality of data driving integrated
circuits 200 generating the data signal DS and outputting the
data signal DS to the data line DL.

The timing controlling part 150 receives the image data
DATA and a control signal CON from an outside. The
control signal CON may include a horizontal synchronous
signal Hsync, a vertical synchronous signal Vsync and a
clock signal CLK. The timing controlling part 150 generates
the horizontal start signal STH using the horizontal synchro-
nous signal Hsync and outputs the horizontal start signal
STH to the data driving part 140. In addition, the timing
controlling part 150 generates the vertical start signal STV
using the vertical synchronous signal Vsync and outputs the
vertical start signal STV to the gate driving part 130. In
addition, the timing controlling part 150 generates the {first
clock signal CLLK1 and the second clock signal CLLK2 using
the clock signal CLK, outputs the first clock signal CLK1 to
the gate driving part 130, and outputs the second clock
signal CLLK2 to the data driving part 140.

In addition, the timing controlling part 150 may further
output, to the data driving part 140, a polarity control signal
POL for controlling a positive polarity and a negative
polarity of the data signal DS, first gamma point data GP1
for designating gamma point, and a selection signal SEL for
selecting some of the gamma data GDATA.

The voltage generating part 160 generates the gate on
voltage Vgon and the gate ofl voltage Vgoll, and outputs t he
gate on voltage Vgon and the gate off voltage Vgoil to the
gate driving part 130. In addition, the voltage generating part
160 generates the gamma reference voltage GRV, and out-
puts the gamma reference voltage GRV to the data driving
part 140. The gamma reference voltage GRV may include an
upper high voltage UH, an upper low voltage UL, a lower
high voltage LH, and a lower low voltage LL.

FIG. 3 1s a block diagram illustrating the data driving
integrated circuit 200 of FIG. 1.

Retferring to FIGS. 1 and 3, the data driving integrated
circuit 200 1ncludes a recerving part 210, a digital gamma
part 220, a selecting part 230, a look-up table (“LUT™) part
240, a serial parallel converting part 250, a latch part 260
and a digital analog converting part 270.

The receiving part 210 receives the image data DATA, the
polarity control signal POL, the first gamma point data GP1
and the selection signal SEL from the timing controlling part
150. The recerving part 210 outputs the image data DATA to
the serial parallel converting part 250. In addition, the
receiving part 210 outputs the polarity control signal POL
and the first gamma point data GP1 to the digital gamma part
220. In addition, the receiving part 210 outputs the selection
signal SEL to the selecting part 230.

The digital gamma part 220 receives the gamma reference
voltage GRV from the voltage generating part 160. The
gamma reference voltage GRV may include the upper high
voltage UH, the upper low voltage UL, the lower high
voltage LH, and the lower low voltage LL. In addition, the
digital gamma part 220 receives the polarity control signal
POL and the first gamma point data GP1 from the receiving
part 210. The first gamma point data GP1 designates N (N
1s a natural number) gamma points. In an exemplary
embodiment, the first gamma point data GP1 may designate
11 gamma points, for example.
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The digital gamma part 220 includes a first decoder 221
and a second decoder 222. The number of the decoders 221
and 222 included in the digital gamma part 220 1s substan-
tially the same as the number of the polarities controlled by
the polarity control signal POL. The data signal DS has the
positive polarity and the negative polarity. Since the data
signal DS has two polarities, the digital gamma part 220
includes two decoders 221 and 222. The digital gamma part
220 outputs second gamma point data GP2 designating 2N
gamma points using the first decoder 221 and the second
decoder 222. Specifically, the first decoder 221 outputs
second gamma point data GP2 designating a gamma point of
the positive polarity, and the second decoder 222 outputs
second gamma point data GP2 designating a gamma point of
the negative polarity.

The selecting part 230 receives the selection signal SEL
from the receiving part 210. In addition, the selecting part
230 recerves the gamma data GDATA from an outside, and
outputs the gamma data GDATA to the LUT part 240. The
gamma data GDATA may include first color gamma data
CGD1, second color gamma data CGD2 and third color
gamma data CGD3. In an exemplary embodiment, the first
color gamma data CGD1 may be red gamma data, the
second color gamma data CGD2 may be green gamma data,
and the third color gamma data CGD3 may be blue gamma
data, for example.

The selecting part 230 and the LUT part 240 selectively
store the first color gamma data CGD1, the second color
gamma data CGD?2 and the third color gamma data CGD3
one by one, 1n response to the selection signal SEL. In
addition, the selecting part 230 and the LUT part 240
selectively output the first color gamma data CGDI1, the
second color gamma data CGD2 and the third color gamma
data CGD3 one by one, 1n response to the selection signal
SEL.

FI1G. 4 15 a block diagram illustrating the LUT part 240 of
FIG. 3.

Referring to FIGS. 3 and 4, the LUT part 240 may include
afirst LUT 241, a second LUT 242 and a third LUT 243. The
first LUT 241 may store and output the first color gamma
data CGD1. The second LUT 242 may store and output the
second color gamma data CGD2. The third LUT 243 may
store and output the third color gamma data CGD3.

The selecting part 230 and the LUT part 240 may select
the first color gamma data CGD1 among the first color
gamma data CGD1, the second color gamma data CGD2 and
the third color gamma data CGD3 in response to the

selection signal SEL, and may store the first color gamma
data CGD1 to the first LUT 241. In this case, the selecting

part 230 may select the first LUT 241 among the first LUT
241, the second LUT 242 and the thurd LUT 243 in response
to the selection signal SEL.

In addition, the selecting part 230 and the LUT part 240
may select the second color gamma data CGD2 among the
first color gamma data CGD1, the second color gamma data
CGD2 and the third color gamma data CGD3 1n response to
the selection signal SEL, and may store the second color
gamma data CGD2 to the second LUT 242. In this case, the
selecting part 230 may select the second LUT 242 among the
first LUT 241, the second LUT 242 and the third LUT 243
in response to the selection signal SEL.

In addition, the selecting part 230 and the LUT part 240
may select the third color gamma data CGD3 among the first
color gamma data CGD1, the second color gamma data
CGD2 and the third color gamma data CGD3 in response to
the selection signal SEL, and may store the third color
gamma data CGD3 to the third LUT 243. In this case, the
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selecting part 230 may select the third LUT 243 among the
first LUT 241, the second LUT 242 and the third LUT 243

in response to the selection signal SEL.
Therefore, the selecting part 230 may select the first LUT
241, the second LUT 242 and the third LUT 243 one by one,

and may selectively store the first color gamma data CGD1,
the second color gamma data CGD2 and the third color
gamma data CGD3 one by one.

In addition, the selecting part 230 and the LUT part 240
may select the first color gamma data CGD1 among the first
color gamma data CGD1, the second color gamma data
CGD2 and the third color gamma data CGD3 1n response to

the selection signal SEL, and may output the first color
gamma data CGD1 from the first LUT 241. In this case, the

selecting part 230 may select the first LUT 241 among the

first LUT 241, the second LUT 242 and the third LUT 243

in response to the selection signal SEL.

In addition, the selecting part 230 and the LUT part 240
may select the second color gamma data CGD2 among the
first color gamma data CGD1, the second color gamma data
CGD2 and the third color gamma data CGD3 in response to
the selection signal SEL, and may output the second color
gamma data CGD2 from the second LUT 242. In this case,
the selecting part 230 may select the second LUT 242 among
the first LUT 241, the second LUT 242 and the third LUT
243 1n response to the selection signal SEL.

In addition, the selecting part 230 and the LUT part 240
may select the third color gamma data CGD3 among the first
color gamma data CGD1, the second color gamma data
CGD2 and the third color gamma data CGD3 in response to
the selection signal SEL, and may output the third color
gamma data CGD3 from the third LUT 243. In this case, the
selecting part 230 may select the third LUT 243 among the
first LUT 241, the second LUT 242 and the third LUT 243
in response to the selection signal SEL.

Therefore, the selecting part 230 may select the first LUT
241, the second LUT 242 and the third LUT 243 one by one,
and may selectively output the first color gamma data
CGD1, the second color gamma data CGD2 and the third
color gamma data CGD3 one by one.

When the number of the gamma point 1s N, and thus the
number of a gamma point of the positive polarity and a
gamma point ol the negative polarity 1s 2N, each of the
number ol gamma voltages of the first color gamma data
CGD1, the number of gamma voltages of the second color
gamma data CGD2 and the number of gamma voltages of
the third color gamma data CGD3 may be 2N.

Referring back to FIG. 3, the senal parallel converting
part 250 recerves the 1image data DATA from the receiving

part 210. The senal parallel converting part 250 converts the
image data DATA to parallel data PD1, PD2, . . ., and PDM,

and outputs the parallel data PD1, PD2, . . . , and PDM to
the latch part 260.

The latch part 260 receives the parallel data PDI,
PD2, ..., and PDM from the senal parallel converting part
2350, and latches the parallel data PD1, PD2, . . ., and PDM.
The latch part 260 outputs the parallel data PDI,
PD2, . . ., and PDM to the digital analog converting part
270. Each of the parallel data PD1, PD2, .. ., and PDM may
be P (P 1s a natural number) bit. In an exemplary embodi-
ment, each of the parallel data PD1, PD2, . . ., and PDM may
be 10 bits, for example.

The digital analog converting part 270 generates the data
signals DS using the first color gamma data CGDI1, the
second color gamma data CGD2, the third color gamma data
CGD3 and the parallel data PD1, PD2, . . ., and PDM.
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The digital analog converting part 270 may include an
interpolating part 280. The interpolating part 280 receives
cach of the parallel data PD1, PD2, . . . , and PDM and
outputs data of (P+Q(Q 1s a natural number)) bits. In an
exemplary embodiment, ‘P” may be 10, and ‘Q” may be 3,
for example. Therefore, each of the parallel data PD1,
PD2, . .., and PDM may be 10 bits, and each of the data
output from the interpolating part 280 may be 13 bits, for
example. In this case, each of the data signals DS output
from the data driving part 140 may indicate 8192 grayscale
values, for example. However, the mvention 1s not limited
thereto, and ‘P’ and ‘QQ” may have other values, and thereby
cach of the data signals DS output from the data driving part
140 may indicate other grayscale values.

FIG. 5 1s a flow chart illustrating a method of driving the
display apparatus 100 of FIG. 1.

Referring to FIGS. 1 and 3 to 3, the first color gamma data
CGD1, the second color gamma data CGD2 and the third
color gamma data CGD3 are selectively stored one by one,

in response to the selection signal SEL (operation S110).
Specifically, the LUT part 240 may include the first LUT

241, the second LUT 242 and the third LUT 243.

The selecting part 230 and the LUT part 240 may select
the first color gamma data CGD1 among the first color
gamma data CGD1, the second color gamma data CGD2 and
the third color gamma data CGD3 1n response to the

selection signal SEL, and may store the first color gamma
data CGD1 to the first LUT 241. In this case, the selecting

part 230 may select the first LUT 241 among the first LUT
241, the second LUT 242 and the third LUT 243 in response
to the selection signal SEL.

In addition, the selecting part 230 and the LUT part 240
may select the second color gamma data CGD2 among the
first color gamma data CGD1, the second color gamma data
CGD2 and the third color gamma data CGD3 in response to
the selection signal SEL, and may store the second color
gamma data CGD2 to the second LUT 242. In this case, the
selecting part 230 may select the second LUT 242 among the
first LUT 241, the second LUT 242 and the third LUT 243
in response to the selection signal SEL.

In addition, the selecting part 230 and the LUT part 240
may select the third color gamma data CGD3 among the first
color gamma data CGDI1, the second color gamma data
CGD2 and the third color gamma data CGD3 1n response to
the selection signal SEL, and may store the third color
gamma data CGD3 to the third LUT 243. In this case, the
selecting part 230 may select the third LUT 243 among the
first LUT 241, the second LUT 242 and the third LUT 243
in response to the selection signal SEL.

Therefore, the selecting part 230 may select the first LUT
241, the second LUT 242 and the third LUT 243 one by one,
and may selectively store the first color gamma data CGD1,
the second color gamma data CGD2 and the third color
gamma data CGD3 one by one.

The first color gamma data CGD1, the second color
gamma data CGD?2 and the third color gamma data CGD3
are selectively output one by one, in response to the selec-
tion signal SEL (operation S120).

Specifically, the selecting part 230 and the LUT part 240
may select the first color gamma data CGD1 among the first
color gamma data CGD1, the second color gamma data
CGD2 and the third color gamma data CGD3 in response to
the selection signal SEL, and may output the first color
gamma data CGD1 from the first LUT 241. In this case, the

selecting part 230 may select the first LUT 241 among the
first LUT 241, the second LUT 242 and the third LUT 243

in response to the selection signal SEL.
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In addition, the selecting part 230 and the LUT part 240
may select the second color gamma data CGD2 among the
first color gamma data CGD1, the second color gamma data
CGD2 and the third color gamma data CGD3 1n response to
the selection signal SEL, and may output the second color

gamma data CGD2 from the second LUT 242. In this case,

the selecting part 230 may select the second LUT 242 among
the first LUT 241, the second LUT 242 and the third LUT

243 1n response to the selection signal SEL.

In addition, the selecting part 230 and the LUT part 240
may select the third color gamma data CGD3 among the first
color gamma data CGDI1, the second color gamma data
CGD2 and the third color gamma data CGD3 in response to
the selection signal SEL, and may output the third color

gamma data CGD3 from the third LUT 243. In this case, the
selecting part 230 may select the third LUT 243 among the
first LUT 241, the second LUT 242 and the third LUT 243

in response to the selection signal SEL.

Therefore, the selecting part 230 may select the first LUT
241, the second LUT 242 and the third LUT 243 one by one,
and may selectively output the first color gamma data
CGD1, the second color gamma data CGD2 and the third
color gamma data CGD3 one by one.

The data signal DS 1s generated using the first color
gamma data CGD1, the second color gamma data CGD2 and
the third color gamma data CGD3, and the data signal DS 1s
output to the data line DL (operation S130).

Specifically, the serial parallel converting part 250
receives the image data DATA from the receiving part 210.
The serial parallel converting part 250 converts the 1image
data DATA to the parallel data PD1, PD2, . . . , and PDM,
and outputs the parallel data PD1, PD2, . . . , and PDM to
the latch part 260.

The latch part 260 receives the parallel data PDI,
PD2, ..., and PDM from the sernal parallel converting part
250, and latches the parallel data PD1, PD2, . . ., and PDM.
The latch part 260 outputs the parallel data PDI1,
PD2, . . ., and PDM to the digital analog converting part
270. Each of the parallel data PD1, PD2, . . ., and PDM may
be P (P 1s a natural number) bit. In an exemplary embodi-
ment, each of the parallel data PD1, PD?2, . . ., and PDM may
be 10 bits, for example.

The digital analog converting part 270 generates the data
signals DS using the first color gamma data CGDI1, the
second color gamma data CGD2, the third color gamma data
CGD3 and the parallel data PD1, PD2, . . ., and PDM.

The digital analog converting part 270 may include the
interpolating part 280. The interpolating part 280 receives
cach of the parallel data PD1, PD2, . . . , and PDM and
outputs the data of (P+Q(Q 1s a natural number)) bits. In an
exemplary embodiment, ‘P” may be 10, and ‘Q” may be 3,
for example. Therefore, each of the parallel data PDI1,
PD2, . . ., and PDM may be 10 bits, and each of the data
output from the interpolating part 280 may be 13 bits, for
example. In this case, each of the data signals DS output
from the data driving part 140 may indicate 8192 grayscale
values, for example. However, the invention 1s not limited
thereto, and ‘P’ and ‘QQ” may have other values, and thereby
cach of the data signals DS output from the data driving part
140 may indicate other grayscale values.

The data driving part 140 outputs the data signal DS to the
data line DL 1n response to the horizontal start signal STH
and the second clock signal CLLK2 provided from the timing
controlling part 150.

The gate signal GS 1s output to the gate line GL (operation

3140).
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Specifically, the gate driving part 130 generates the gate
signals GS 1n response to the vertical start signal STV and
the first clock signal CLK1 provided from the timing con-
trolling part 150, and outputs the gate signals GS to the gate
lines GL. The gate driving part 130 may recerve the gate on
voltage Vgon and the gate off voltage Vgoll from the voltage
generatmg part 160, and may generate the gate signal GS
using the gate on voltage Vgon and the gate off voltage
Vgofl.

According to the exemplary embodiment, the data driving
part 140 stores and outputs the first color gamma data
CGD1, the second color gamma data CGD2 and the third
color gamma data CGD3. Therefore, although the display
panel 110 1includes the first color pixel 121, the second color
pixel 122 and the third color pixel 123 having different sizes
from one another, and thus a gamma characteristic of a first
color, a gamma characteristic of a second color and a gamma
characteristic of a third color are different from one another,
an 1mage of improved display quality may be displayed
adaptively to the first color, the second color and the third
color.

In addition, a decoder according to the first color, the
second color and the third color 1s not desired to the data
driving part 140, and thus a size and a manufacturing cost of
the display apparatus 100 may be decreased.

The exemplary embodiments may be applied to an elec-
tronic device having a display apparatus. The exemplary
embodiments may be applied to various electronic devices
such as a television, a computer monitor, a laptop, a digital
camera, a cellular phone, a smart phone, a tablet personal
computer (“PC”), a smart pad, a personal digital assistant
(“PDA”), a portable multimedia player (“PMP”), an MP3
player, a navigation system, a camcorder, a portable game
console, etc., for example.

The foregoing 1s illustrative of the mnvention and 1s not to
be construed as limiting thereof. Although a few exemplary
embodiments of the invention have been described, those
skilled 1n the art will readily appreciate that many modifi-
cations are possible 1n the exemplary embodiments without
maternally departing from the novel teachings and advan-
tages of the invention. Accordingly, all such modifications
are intended to be included within the scope of the invention
as defined 1n the claims. In the claims, means-plus-function
clauses are intended to cover the structures described herein
as performing the recited function and not only structural
equivalents but also equivalent structures. Therefore, it 15 to
be understood that the foregoing is 1llustrative of the inven-
tion and 1s not to be construed as limited to the specific
exemplary embodiments disclosed, and that modifications to
the disclosed exemplary embodiments, as well as other
exemplary embodiments, are intended to be included within
the scope of the appended claims. The mvention 1s defined
by the following claims, with equivalents of the claims to be
included therein.

What 1s claimed 1s:

1. A display apparatus comprising;:

a display panel which displays an 1mage, and includes a
pixel, a gate line and a data line both connected to the
pixel;

a gate driving part which outputs a gate signal to the gate
line; and

a data driving part which outputs a data signal to the data
line, selectively stores first color gamma data, second
color gamma data and third color gamma data one by
one 1n response to a selection signal during each frame,
selectively outputs the first color gamma data, the
second color gamma data and the third color gamma
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data one by one in response to the selection signal
during the each frame, and generates the data signal to
the pixel via the data line using the first color gamma
data, the second color gamma data and the third color
gamma data in response to the gate signal to the gate
line.

2. The display apparatus of claim 1, wherein the data
driving part comprises a look-up table part which stores the
first color gamma data, the second color gamma data and the
third color gamma data.

3. The display apparatus of claim 2, wherein the look-up
table part comprises:

a first look-up table which stores the first color gamma

data;

a second look-up table which stores the second color

gamma data; and

a third look-up table which stores the third color gamma

data.

4. The display apparatus of claim 3, wherein the data
driving part further comprises a selecting part which selects
one of the first look-up table, the second look-up table and
the third look-up table in response to the selection signal, in
order to selectively output the first color gamma data, the
second color gamma data and the third color gamma data.

5. The display apparatus of claim 4, wherein the selecting,
part selectively outputs the first color gamma data, the
second color gamma data and the third color gamma data by
selecting the first look-up table, the second look-up table and
the third look-up table one by one.

6. The display apparatus of claim 4, wherein the selecting
part receives gamma data comprising the first color gamma
data, the second color gamma data and the third color
gamma data.

7. The display apparatus of claim 6, wherein the selecting
part selectively stores the first color gamma data, the second
color gamma data and the third color gamma data by
selecting the first look-up table, the second look-up table and
the third look-up table one by one.

8. The display apparatus of claim 6, wherein the data
driving part receives the gamma data through an inter-
integrated circuit communication using a serial data line and
a serial clock line.

9. The display apparatus of claim 1, wherein the data
driving part comprises a digital gamma part which receives
first gamma point data designating N gamma point where N
1s a natural number, and outputs second gamma point data
designating 2N gamma points.

10. The display apparatus of claim 9, wherein the digital
gamma part receives a polarity control signal controlling a
positive polarity and a negative polarity of the data signal.

11. The display apparatus of claim 10, wherein the digital
gamma part Comprises:

a first decoder which outputs gamma point data of the

positive polarity; and

a second decoder which outputs gamma point data of the

negative polarity.

12. The display apparatus of claim 10, wherein the first
color gamma data comprises 2N gamma voltages.

13. The display apparatus of claim 10, wherein the second
color gamma data comprises 2N gamma voltages.

14. The display apparatus of claim 10, wherein the third
color gamma data comprises 2N gamma voltages.

15. The display apparatus of claim 1, wherein the data
driving part comprises:

a serial parallel converting part which receirves image data

for displaying the image and to output parallel data of
P bit, where P 1s a natural number; and
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an interpolating part which receives the parallel data and
to output data of (P+Q) bit, where (Q 1s a natural
number.

16. The display apparatus of claim 1, wherein the display
panel comprises a first color pixel, a second color pixel and
a third color pixel, and a size of the first color pixel, a size
of the second color pixel and a size of the third color pixel
are different from one another.

17. The display apparatus of claim 16, wherein the first
color pixel has a first length, the second color pixel has a
second length longer than the first length, and the third color
pixel has a third length longer than the second length, 1n a
direction 1n which the gate line extends.

18. The display apparatus of claim 1, wherein the first
color gamma data 1s red gamma data, the second color
gamma data 1s green gamma data, and the third color gamma
data 1s blue gamma data.

19. The display apparatus of claim 1, wherein the display

panel 1s a quantum dot display panel including a quantum
dot.
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20. The display apparatus of claim 1, wherein the voltage
generating part and data driving part have a total of two
decoders between them.
21. A method of driving a display apparatus, the method
comprising;
selectively storing first color gamma data, second color
gamma data and third color gamma data one by one 1n
response to a selection signal during each frame;

selectively outputting the first color gamma data, the
second color gamma data and the third color gamma
data one by one 1n response to the selection signal
during the each frame;

generating a data signal to a data line connected to a pixel

of a display panel using the first color gamma data, the

second color gamma data and the third color gamma
data;

outputting a gate signal to a gate line of the display panel,
the gate line connected to the pixel; and

outputting the data signal to the data line of the display
panel.
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